Introduction
============

Pancreatic neuroendocrine carcinoma (PNEC), otherwise known as islet cell tumors, is a diverse group of rare neoplasms originating from endocrine or nerve cells within the pancreas ([@b1-ol-0-0-5729]), and accounts for 1--2% of all pancreatic tumors ([@b2-ol-0-0-5729],[@b3-ol-0-0-5729]). PNEC may be classified as either functioning pancreatic neuroendocrine carcinoma or nonfunctioning pancreatic neuroendocrine carcinoma (NPNEC) depending on the production levels of specific pancreatic endocrine hormones, including gastrin, insulin and glucagon, and the relevant associated clinical symptoms such as insulinoma, gastrinoma, VIPoma, glucagonoma, and somatostatinoma due to hormonal hypersecretion ([@b1-ol-0-0-5729],[@b3-ol-0-0-5729],[@b4-ol-0-0-5729]).

Neuroendocrine neoplasms are a series of heterogeneous tumors derived from peptidergic neurons or neuroendocrine cells, and their clinical presentations range from low-grade malignancies with slow growth to marked malignancies with a high level of metastasis based on the degrees of differentiation ([@b5-ol-0-0-5729]). NPNEC is a poorly-differentiated neuroendocrine carcinoma and is rare, representing \<2% of all pancreatic cancer cases ([@b1-ol-0-0-5729],[@b6-ol-0-0-5729]). The median overall disease-related survival of patients with NPNEC is 9.7 years ([@b7-ol-0-0-5729]), thus confirming the generally long-term survival of patients with this disease, and the 5-year survival rate ranges from 50--65% ([@b8-ol-0-0-5729]--[@b11-ol-0-0-5729]). Radical surgery is the most effective therapeutic strategy for NPNEC and the 5-year survival rate of patients who have undergone surgery is 93% ([@b7-ol-0-0-5729],[@b12-ol-0-0-5729]). However, the decision to refer a patient for surgery is dependent on the disease stage at diagnosis ([@b7-ol-0-0-5729]). Therefore, accurate diagnosis of NPNEC is particularly important to achieve a more positive outcome.

Computed tomography (CT) is currently the optimal method for diagnosing and staging suspected cases of pancreatic carcinoma ([@b13-ol-0-0-5729]). Moreover, it has been demonstrated that particular risk factors including age ([@b13-ol-0-0-5729]), smoking ([@b14-ol-0-0-5729]), diabetes and obesity may contribute to the development of pancreatic carcinoma ([@b15-ol-0-0-5729]). The diagnosis of NPNEC has major differences compared to those of pancreatic cancer derived from exocrine tissues ([@b16-ol-0-0-5729]), which accounts for \>85% of pancreatic carcinoma. Therefore, summarizing the characterizations of CT-based NPNEC diagnosis based on the analysis of CT scans is necessary. The present study retrospectively analyzed the clinical data and CT manifestations of 13 patients with NPNEC confirmed by surgery or needle biopsy. A literature review of the clinical features, CT manifestations and CT diagnostic values of NPNEC was also conducted.

Patients and methods
====================

### Patient clinicopathological factors

A total of 13 patients admitted to Department of Radiology, Sir Run Run Shaw Hospital, Zhejiang University School of Medicine (Hangzhou, China) were enrolled in the present study, including 7 men and 6 women, and the mean patient age was 46.4±9.2 years (range, 38--60 years). All 13 patients exhibited a single lesion inside the pancreas and 4 patients also had combined multiple intrahepatic metastases. A total of 2 patients had spleen and colon invasion, and of these, 1 patient also exhibited left kidney involvement. All patients underwent surgery or CT-guided needle biopsy between July 2012 and October 2014 in the Sir Run Run Shaw Hospital, in addition to routine pathology and immunohistochemistry examination. The diagnoses of all patients were all confirmed as NPNEC.

Institutional Ethics Board approval was obtained from the Medical Ethics Committee of Sir Run Run Shaw Hospital, Zhejiang University School of Medicine (Hangzhou, China). All participating patients were formally informed of the purpose of the study and written informed consent was obtained from all participants.

### Examination methods

CT examinations were performed using GE Hi Speed NX/I Dual Slice CT Scanner and Siemens SOMATOM Sensation 16 CT scanners. The three-phase scanning method ([@b17-ol-0-0-5729]) was used with a non-enhanced scan and an enhanced scan performed at the arterial and venous phases. The arterial and venous phases began 25 and 65 sec, respectively, following injection of the contrast agent. The scan thickness was 7 mm, scan spacing was 7 mm and the pitch was 1.0. Iohexol (GE healthcare China, Shanghai, China) and ioverol (HengRui Pharmacy, Jiangsu, China) were used as contrast agents. The iohexol was used for 5 patients while ioverol was used for 8 patients depending on the availability of agent when patient enrolled The injection rate was 2.8--3.0 ml/s, and the dose was 90--100 ml.

### Hemotoxylin and eosin staining and immunohistochemistry

For histochemical analysis, the collected samples were fixed in 10% formaldehyde for 24 h at 4°C and samples from patients were mounted onto slides (4 µm-thick) embedded with paraffin and stained with hematoxylin and eosin. For immunohistochemistry, paraffin sections were subsequently deparaffinized with xylene and rehydrated in decreasing concentrations of ethanol. Antigen retrieval was performed by heating sections in an antigen retrieval buffer (pH 6.0) in a microwave cooker at 90°C for 45 min. Endogenous peroxidase activity was blocked with 3% H~2~O~2~ for 10 min, followed by the blocking of endogenous biotin enzyme with normal goat serum (Sigma-Aldrich, St. Louis, MO) for 30 min at room temperature. Sections were then incubated with a 1:40 dilution (same dilution applied for all primary antibodies) of rabbit anti-chromogranin A antibody (cat. no., SAB4200668-100UL; Sigma-Aldrich; Merck Millipore, Darmstadt, Germany), anti-cytokeratin antibody (cat. no., C2562-100UL; Sigma-Aldrich; Merck Millipore) and anti-synaptophysin antibody (cat. no., S5768-2ML; Sigma-Aldrich; Merck Millipore) overnight at 4°C, washed with PBS and incubated with anti-mouse (cat. no., A9044-2ML; Sigma-Aldrich; Merck Millipore) or anti-rabbit (cat. no., RABHRP1-10UL; Sigma-Aldrich; Merck Millipore) horseradish peroxidase-conjugated antibodies (1:100 dilution for both) at room temperature for 60 min. Sections were subsequently washed in PBS. Immunostaining was visualized in Olympus CX22 microscope using diaminobenzidine chromogen and the sections were counterstained with hematoxylin. Two pathologists blinded to patient\'s information separately evaluated all slides. Brown staining in cytoplasm was defined as positive staining. The scoring system used incorporated the intensity of the staining (absent, weak, moderate or strong) and the percentage of positively stained tumor cells. A positive sample was defined as a sample with \>5% of the tumors cells demonstrating moderate or strong staining. Weak positive samples were those where \>5% of the tumors cells demonstrated weak staining. Extremely weak positive samples were defined as samples where \<5% of the tumor cells demonstrated weak staining.

Results
=======

### Clinical manifestation features

None of the 13 patients demonstrated endocrine-related clinical symptoms. A total of 10 patients were admitted due to palpable masses in the upper abdomen, of which 5 patients had combined non-specific digestive system symptoms, including upper abdominal pain, discomfort and loss of appetite, and 2/10 patients experienced combined emaciation and weight loss. A further 2 patients were admitted due to pancreatic masses identified following during physical examinations and 1 patient was admitted due to a pancreatic mass identified following a thoracic injury. Laboratory examination results indicated that 1 patient experienced a slight increase in levels of carbohydrate antigen 19-9, 2 patients were weakly positive for glucagon, 3 patients were extremely weakly positive for glucagon, 1 patient was extremely weakly positive for somatostatin, 2 patients were weakly positive for insulin and 4 patients were weakly positive and extremely weakly positive for multiple hormones, such as insulin, glucagon, gastrin and vasoactive intestinal peptide.

### Tumor characterization

All patients enrolled in the study presented with one single space-occupying lesion in the pancreas, of which 7 cases were in the pancreatic head, 1 was in the pancreatic body, 1 was in the tail of the body and 4 were in the pancreatic tail. The lesions were generally round or irregular, and the average maximum tumor diameter was 7.45±3.92 cm (range, \~4.0--16.0 cm).

### CT manifestations

Non-enhanced CT scans of the tumors demonstrated homogeneous or inhomogeneous consistency with a slightly low density. Necrotic cystic areas were observed in the tumors of 5 patients, and 2 patients had striped and speckled calcification within the tumors. A total of 7 patients exhibited a vague border between the tumor and the normal pancreas, while the other 6 patients exhibited a clear border between the tumor and the normal pancreas. Following enhanced scanning, marked enhancement was observed in the tumors of 5 patients, moderate enhancement in 6 patients and mild enhancement in 2 patients. The enhancement peak values were in the arterial phase for 5 patients and in the parenchymal phase for 8 patients. In the solid section, 9 patients exhibited homogeneous enhancement, whereas 4 patients exhibited inhomogeneous enhancement. No enhancement was observed in necrotic cystic areas. Tumor envelope enhancement was observed in 3 patients and the enhancement degree was more obvious than that of the tumor entity ([Figs. 1](#f1-ol-0-0-5729){ref-type="fig"} and [2](#f2-ol-0-0-5729){ref-type="fig"}).

### Clinical syndromes

In total, 2 patients exhibited dilated biliary ducts and 1 patient exhibited a dilated pancreatic duct; the dilated pancreaticobiliary ducts were homogeneous and the degrees were mild. A total of 4 patients exhibited combined multiple intrahepatic metastases; there were 3 cases of cystic metastatic lesions and 1 case of a solid metastatic lesion. The enhancement features were similar to those of primary pancreatic cancer. Furthermore, 2 patients exhibited spleen and colon invasion, of which 1 patient had left kidney involvement. An additional patient exhibited hilar lymph node enlargement, 2 patients had peritumoral blood vessel involvement (primarily pressing shift and tortuous expansion changes; 1 patient had a filling defect in the splenic blood vessels) and spleen enlargement was observed in 2 patients ([Fig. 3](#f3-ol-0-0-5729){ref-type="fig"}).

### Pathological examination

All 13 patients were diagnosed with NPNEC. Immunohistochemistry results demonstrated that 11 patients were positive for chromogranin A, 8 for synaptophysin, 8 for cytokeratin and 1 was weakly positive for protein gene product 9.5. Representative immunohistochemistry images are presented in [Fig. 4](#f4-ol-0-0-5729){ref-type="fig"}.

Discussion
==========

NPNEC primarily occurs in middle-aged and young patients, with no marked gender difference ([@b18-ol-0-0-5729]). In the current study, 7 patients were men (54%) and 6 were women (46%), and the average patient age was 46.4±9.2 years, which is higher than the average age of patients with NPNEC at diagnosis. NPNEC usually grows slowly, and as it does not exhibit specific clinical manifestation, it is often misdiagnosed as a digestive system disease, such as gastritis. The tumors are typically large and demonstrate clear space-occupying effects at the time of identification. A previous study indicated that when NPNEN tumors were identified, their volume was usually large (\>3 cm) ([@b19-ol-0-0-5729]). In the current study, the maximum tumor diameter was \>4 cm, and average diameter was 7.45±3.92 cm, which is similar to that reported in a previous study ([@b15-ol-0-0-5729],[@b19-ol-0-0-5729]).

NPNEC tumors may occur at any location in the pancreas; however, they most commonly occur in the pancreatic head ([@b16-ol-0-0-5729],[@b18-ol-0-0-5729]). In the present study, the lesions of 7 patients were located in the pancreatic head. The presentations of tumors in the plain CT scans were generally homogeneous or inhomogeneous with a slightly low density or isodensity. A total of 11 patients in the present study exhibited at least moderate enhancement, whereas 2 patients exhibited mild enhancement, which was speculated to be associated with more fibrous components in the tumors. Enhancement peaks may be observed at the arterial and parenchymal phase, and there was no clear specificity for a single case. Certain studies consider envelope enhancement as a characteristic presentation of NPNEC ([@b19-ol-0-0-5729]), yet only 3 patients in the present study exhibited this feature. Morphologically, tumor cells exhibit poor differentiation and increased volume compared with normal cells, and liquefaction necrosis is generally observed at the center of tumors ([@b20-ol-0-0-5729]). A total of 5 patients in the current study exhibited signs of necrotic cystic lesions. Noone *et al* ([@b21-ol-0-0-5729]) reported that \~20% of NPNEC tumors exhibit calcifications, which are isolated and nodular in shape, and noted that the incidence of calcification is higher than that observed in pancreatic cancer, which is 2%.

Peripancreatic lymph node enlargement and hepatic metastasis are two important features of NPNEC. It has been proposed that the major metastatic site of PNEC is the local lymph nodes ([@b18-ol-0-0-5729],[@b22-ol-0-0-5729]). Noone *et al* ([@b21-ol-0-0-5729]) suggested that the presentation of NPNEC was similar to that of pancreatic cancer; malignant lymph nodes or distant metastasis were observed during surgery in 83% patients and fatal bleeding was reported in ≥20%. One possible reason for the bleeding may have been tumor rupture or invasion of large blood vessels by tumors. In the current study, 4 patients experienced distant hepatic metastasis, 1 patient exhibited hilar lymph node metastasis, and compression or invasion of peritumoral blood vessels was observed in 2 patients; however, no cases experienced massive bleeding. It was therefore suggested that the probability of hepatic metastasis in NPNEC patients diagnosed by CT was higher than that of local lymph node metastasis.

Due to compression by tumors, patients with NPNEC may exhibit combined pancreaticobiliary duct dilation, whereby the edge of the dilated pancreaticobiliary duct is smooth and the thickness is more homogeneous. These patients may also exhibit peritumoral blood vessel involvement and splenomegaly. In the present study, combined biliary duct dilation was observed in 2 patients and 1 patient exhibited pancreatic duct dilation; the degrees were all mild. Spleen enlargement was observed in 2 patients and was considered to be caused by pancreatic portal hypertension.

The differential diagnosis of NPNEC should allow differentiation from pancreatic cancer, cystadenoma or cystadenocarcinoma, solid pseudopapillary tumors and intraductal papillary mucinous neoplasms ([@b7-ol-0-0-5729]). Pancreatic cancer is characterized by tumors that lack blood supply. Tumor enhancement is usually not evident, the border between tumors and pancreatic tissue is unclear, and pancreatic cancer usually involves the pancreaticobiliary duct and causes dilation ([@b19-ol-0-0-5729],[@b23-ol-0-0-5729]). The dilated pancreatic duct typically presents beaded changes. The pancreas at the distal end of the tumor usually exhibits atrophy, and the peripancreatic structure and blood vessels are usually invaded ([@b6-ol-0-0-5729]). The cyst fluid density is relatively low and the thickness of the cyst wall is homogeneous or inhomogeneous. The cyst wall is sometimes combined with mural nodules and may exhibit separation, and enhanced scanning indicates mild enhancement of the cyst wall and fibrous separation ([@b19-ol-0-0-5729]). Furthermore, calcification may occur in the cyst wall and its contents ([@b19-ol-0-0-5729]).

Intraductal papillary mucinous neoplasms primarily occur in older men and 80% of tumors are located in the pancreatic head. These lesions mainly result in dilation of the branched pancreatic duct and/or the main pancreatic duct. Lobulated cystic lesions (mucous plugs), papillary nodules and separations inside are present ([@b18-ol-0-0-5729],[@b22-ol-0-0-5729]). The lesions are connected to the main pancreatic duct and severe atrophy of the pancreas is usually observed ([@b18-ol-0-0-5729]). A solid pseudopapillary tumor is a low-grade malignant tumor that usually occurs in middle-aged and young women, and presents as a solid-cystic mass. The solid regions are typically located at the surrounding areas of tumors and enhanced scanning usually presents gradual enhancement ([@b19-ol-0-0-5729]). The features of the aforementioned tumors may be used to differentiate them from NPNEC.

In conclusion, the present study demonstrated that the clinical manifestations of NPNEC do not have evident specificity. Patients often sought treatment late, the masses were large and there were certain characteristic changes on CT images. For patients with pancreatic tumors that have a large volume, an abundant blood supply, obvious enhancement, combined necrotic cystic lesions and infiltrative signs in the surrounding tissue, the possibility of NPNEC should be considered, despite it being a rare form of pancreatic carcinoma. The final diagnosis relies on pathological examination.
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![Representative images of nonfunctioning pancreatic neuroendocrine carcinoma in the pancreatic head. (A) Plain CT scanning indicated a slightly low density space-occupying tumor (4.5×6.8 cm) in the pancreatic head. The border was clear, and speckled calcification was observed within the tumor. Enhanced scanning of the tumor demonstrated moderate, gradual and homogeneous enhancement. The envelope exhibited obvious enhancement. (B) Arterial phase enhanced CT scan and (C) parenchymal phase enhanced CT scan. CT, computed tomography.](ol-13-04-2186-g00){#f1-ol-0-0-5729}

![Representative images of nonfunctioning pancreatic neuroendocrine carcinoma in the tail of the pancreatic body. (A) Plain CT scanning indicated a slightly low density space-occupying tumor (6.3×9.5 cm) in the tail of the pancreatic body; the density was inhomogeneous. (B) Enhanced scanning indicated marked tumor enhancement, obvious enhancement of the envelope and tortuous expansion of the blood vessels surrounding the tumor. (C) Parenchymal phase enhanced CT scan and (D) CT multiplanar reconstruction; there were multiple intrahepatic metastatic lesions and the enhancement style was the same as that in the primary pancreatic tumor. CT, computed tomography.](ol-13-04-2186-g01){#f2-ol-0-0-5729}

![Representative images of nonfunctioning pancreatic neuroendocrine carcinoma in the tail of the pancreatic body. (A) Plain CT scanning revealed a slightly low-density space-occupying tumor with a maximum diameter of \~16 cm in the tail of the pancreatic body. Striped calcification was present inside the tumor. (B) Enhanced scanning of the tumor indicated marked inhomogeneous enhancement. The edge was blurry. The tumor had invaded the spleen, colon and left kidney, and splenic artery stenosis was present. There were multiple intrahepatic cystic metastatic lesions. (C) Parenchymal phase enhanced CT scan. CT, computed tomography.](ol-13-04-2186-g02){#f3-ol-0-0-5729}

![Immunohistochemical analysis of CgA, CK and SYN expression in tumor tissue (magnification, ×200). Samples of tumor tissues were stained for the indicated genes to determine expression. A representative section is presented. CgA, chromagranin; CK, cytokeratin; SYN, synaptophysin.](ol-13-04-2186-g03){#f4-ol-0-0-5729}
